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INNOVATIVE WIND TURBINES
Richard E. Walters, Jerome B. Fanucci, John L. Loth
William Squire, Paul G. Migliore, and Reazul Huq
Department of Aerospace Engineering
West Virginia University
Morgantown, West Virginia 26506

Abstract
This research is concerned with the initial investigation of two innovative
concepts in wind energy conversion turbines. The first concept is a vortex
concentrator, a device which creates a strong vortex in the ambient wind. The
energy per unit area in the vortex region is much higher than for the undis
turbed wind, allowing the energy to be more efficiently converted to more
useful forms. The second concept is a vertical axis wind turbine which uses
straight blades composed of airfoil shapes having high efficiency. This would
be attained by using circulation controlled (c.c.) airfoils for the blades;
these airfoils contain slots near the rounded trailing edges through which a
small amount of compressed air is blown to obtain high lift forces. Straight
blades allow cyclic pitch control, as well as locating each blade element at a
larger radius from the shaft so that maximum rotor torque is produced.
To date, available vortex theory has been used to predict the amount of energy
concentration produced by vertically oriented wings. This analysis has shown
that a five-fold concentration might be attained. Tests in a wind tunnel using
flow visualization have been initiated and extensive testing on a larger scale
is in progress.
The analysis of the vertical axis turbine (VAT) has included two theoretical
approaches to the problem. The first, a modified strip theory, was initially
used to compute the performance of straight-bladed VAT's, both with conventional
and circulation controlled (c.c.) airfoil sections. Advanced non-steady lifting
surface theory has been developed for the VAT. A test model for the VAT was
designed and constructed, in order to confirm the theoretical results.
Theoretical analyses, experiments, and system and economic analyses of both
types of innovative wind machines are continuing at West Virginia University.
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culations of the energies in various parts of the
vortex.
2.2

VORTEX TYPE CONCENTRATORS

Results of the available vortex analyses and
experimental work reported in the literature were

1.

used to predict the performance of the vortex type

INTRODUCTION

energy concentrator.
The work reported herein represents an initial
evaluation of two innovative wind machines.

An experimental program

emphasizing visualization of the flow around lift

The

ing wing surfaces was performed in two of the West

first is a vortex concentrator, which is a
Virginia University wind tunnels.
vertical wing placed In the natural wind in a

Figure 2 shows

the flow around the tip of a wing constructed of

way that a strong wing tip vortex occurs; a tur
high-lift Liebeck-type airfoil

sections; the flow

bine is then placed downstream of the tip in the
is visualized by photographing neutrally buoyant
concentrated energy region of the vortex to
helium soap bubbles with steady and pulsed light
convert the energy to more directly-useful forms.
sources.
The second concept involves a vertical axis

Thus, the trajectories and velocities of

the bubbles can be determined, as well as the

turbine with straight blades; the blades are
location of the maximum energy concentration.
composed of special circulation controlled air
Results of this type are necessary to assure
foils which show promise of increasing the
optimum location of the turbine behind the wing
overall efficiency of the turbine.

Both
tip, as well as allowing optimum design of the

theoretical and experimental studies are
turbine blades.
necessary to determine if these concepts for

Smoke studies were also per

formed, as well as tests with obstructions placed

wind energy conversion systems are economically
behind the models to simulate the turbine.
competitive with other systems of conversion.
Figure 3 shows a model of a wind machine utilizing

Details of the project, including complete
mathematical analyses, are contained in reference

the vortex concentrator concept.

(1).

more 'honventional" horizontal axis turbine has

The tower of a

been replaced by a vertical wing on a pivot,
2.

PROGRAM STUDIES AND RESULTS
located such that it orients itself at the proper

2.1

WING TRAILING VORTICES

angle to the wind.
turbine.

A thorough review of the literature has been per

269

Suspended behind the wing is a

Since the wing tip vortex concentrates

the energy per unit area of the airflow, the

on the optimum design is obtained, structural

turbine can be much smaller than an unaugmented

and economic analyses can be performed.

rotor with the same power production.

of this task are also given in reference (2).

Thus,

Details

larger systems might be built than is possible
2.3

VERTICAL AXIS TURBINE STRIP THEORY

using unaugmented rotors; from another viewpoint,
a vortex concentrator system may produce more

Initial analysis of the vertical axis turbine (VAT)

power for the same initial installed capital cost.

was performed using a two dimensional strip theory.
This theory is relatively simple, and can be used

Some results of the theoretical study are shown
to predict turbine performance coefficients, as
in Figure 4 where the energy concentration ratio
shown in Figure 5.

The results clearly exhibit

(R) is plotted as a function of the turbine diam
the expected trends, with a high performance
eter (d) which is normalized by the wing chord
indicated by having the blade attitude optimized,
(c).

Curves are presented for several values of
i.e., the blade pitch continuously changes to

2
CL /e, the square of the wing lift coefficient

provide maximum torque at each rotational position.
divided by the wing spanwise loading efficiency
Operation at fixed blade angles (0°) or at twofactor.

The importance of having a high value of
position per revolution values (3°, 6°) shows the

lift coefficient is easily seen.

Although the
expected reduced efficiencies.

It was found that

peak energies are near the vortex core, it is
the results of this type of calculation were
seen that high levels of energy concentration
very dependent on the "blockage factor" which was
exist far outward.

Determination of the optimumrequired to be selected for the momentum type flow

size turbine must be made from economic consider
equations.
ations.

This blockage factor is an attempt to

The area ratio (A) shown in the figure
allow for the interference which exists among the

is that of the wing area plus the turbine area,
blades of the turbine, and which reduces the tur
normalized by the turbine area.

This value (A)
bine efficiency.

The results were also relatively

is seen to increase as the wing aspect ratio (/R),
sensitive to the drag coefficients used for the
or wing slenderness, increases.

High wing aspect
blades of the machine.

For these reasons the

ratios are needed to produce the high lift
absolute values for the predicted performance
coefficients required for large energy concentra
coefficients could not be taken as being necessar
tion in the vortex.

Assuming that the cost of
ily of high accuracy, especially with a lack of

the machine will be partly determined by its size,
experimental data.

However, the relative results

the optimum values of wing aspect ratio and tur
indicated that a turbine using circulation con
bine diameter must be determined by a thorough
trolled (c.c.) airfoils on the blades should
structural analysis and cost study, once the
perform at somewhat higher efficiencies than a
machine performance is adequately predicted.
similar turbine with "conventional" symmetrical
Work which is continuing on the vortex concentra

airfoils.

tor concepts is concerned with testing an outdoor

mance occurred at lower values of the rotational

4.6 m (15 ft) high wing, and performing flow

speed than that for the symmetrical blades.

Also, the c.c. turbine peak perfor

surveys in the vortex region to determine the
Although this theory has not produced absolute
obtainable concentration ratio.

A theoretical
results, it still has potential for use as a

turbine design analysis previously performed will
design tool, once proper blockage factors and
be extended.

The possible break down of the vor
drag coefficients are known,

Its chief value is

tex when the turbine is placed in the flow is
that it is rapidly solved with a computer, thus
also a major item to be investigated; the necess
giving low-cost outputs.

Future efforts will be

ity for a turbine shroud, to stabilize the vortex,
made to determine if proper inputs can be devised
must also be determined.

After more information
to allow the theory to adequately predict VAT
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performance.

indicates the initial results of calculations for

2.4

multiple blades with a slightly modified version

VERTICAL AXIS TURBINE VORTEX THEORY

of the computer program which was used for the
A more exact theory (3) has been developed for the
results shown in Figure 7.

The addition of blades

VAT which determines the non-steady lift and
is seen to cause an increase in turbine power
moment characteristics of cross-flow wind turbines.
coefficient (C^) and lower operating rotor tip
The method employs a force-free wake model,
speed ratios (coR/Vffl ) for maximum output.

These

accounts for wake/blade interactions, reflects
results should be considered somewhat tentative
transient aerodynamics, and accomodates time
at this time, unitl more experience is obtained
varying winds.

Introduction of experimental
with the calculation procedure.

However, the

blade drag data permits calculation of the power
results to date indicate the possibility of attain
produced.

The analysis is not dependent upon the
ing a rather high overall machine efficiency.

selection of an artificial blockage factor, as Is
Work in progress includes extension of the analysis

necessary for the previously discussed strip
theory.

to turbines with circulation controlled blades and

A numerical solution of the equations

is necessary, and solutions have thus far been

using thick cambered airfoils.

obtained for a turbine with one, two, and three

will also be considered.

blades.

then be performed, and results compared with

The computer code ("CROFTAN") is written

in FORTRAN IV and utilizes complex arithmetic.

available test data.

Current status includes the ability to consider

2.5

Time varying winds

Parametric studies will

VERTICAL AXIS TURBINE TEST MODEL

single or multiple blades with thin airfoil
As previously discussed, there are several assump
sections, fixed or variable blade pitch operation,
tions used in the theoretical developments for the
and steady winds.
VAT performance.
Figure 6 shows the details obtainable with the
procedure.

A wake/blade interaction is depicted

in the transient wake.

Experimental data is necessary

for the determination of the theory accuracy and
the limits of its validity.

As shown by the shed vor

An experimental

program is underway at West Virginia University to

tex trajectories, the results depict actual vortex

provide this information.

positions as functions of time; this allows the

test model which has been designed and constructed.

Figure 10 shows the VAT

blade forces and turbine torques to be calculated.
The turbine rotor is 3.05 m (10 ft) in diameter
Figure 7 shows the lift coefficient for a two

and its blades are 3.25 m (10 ft 8 in) long.

The

bladed turbine plotted versus rotor rotational

expected power output is on the order of 0.5 KW

angle (0° is aligned with the free stream wind).

with winds of 6 m/s (13.4 mph).

e

This turbine will

The vortex model CL 's are substantially less than

initially be tested with symmetrical "conventional"

that given by strip theory.

airfoils, and then will be equipped with a circu

C

is reduced most

on the downwind side of the turbine between 9=

lation controlled airfoil system.

150° and 9=210° where the wake is strongest.

mary advantages of utilizing a relatively large

One of the pri

Power coefficients calculated from these two

turbine is that more accurate blade and rotor drag

methods differ markedly.

data is expected to be obtained than would be

Figure 8 illustrates the lift coefficient (C^)

possible with small-scale wind tunnel test models.

transients which are calculated for the three

Also, operational problems can be evaluated, and

bladed rotor.

costs can be determined.

The fourth rotor revolution has

Thus, a first step at

determining the economic feasibility of this

values which are quite different than those
for the first revolution, indicating the importance

design can be made.

of the vortex/blade interactions.

test model was $5000.

Figure 9
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The approximate cost of the
Future analysis will be

directed at various cost-cutting techniques for

State Line, Nevada, September 12-17, 1976,

the turbine, and optimizing the design on an

Vol. II, pp. 1779-1786.

economic basis.

6.
3.

CONCLUSIONS
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FIGURE 1.

SKETCH OF FLOW PATTERN IN AIRCRAFT
TRAILING VORTICES.

FIGURE 3.

SCALE MODEL OF A VORTEX CONCENTRATOR
WIND TURBINE.

FIGURE 2.

HELIUM BUBBLE FLOW VISUALIZATION OF THE TIP VORTEX FROM A HIGH LIFT WING.
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FIGURE 4.

VORTEX WIND ENERGY CONCENTRATOR CALCU
LATED PERFORMANCE.

7|/R

FIGURE 5.

FIGURE 6.

CALCULATED VAT WAKE/BLADE INTERACTIONS.

FIGURE 7.

BLADE LIFT COEFFICIENTS CALCULATED BY

CIRCULATION CONTROLLED VERTICAL AXIS
TURBINE CALCULATED PERFORMANCE FROM
STRIP THEORY.
STRIP ("THIN AIRFOIL") THEORY AND
VORTEX ("CROFTAN") THEORY.
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FIGURE 8.

CALCULATED LIFT COEFFICIENT TRANSIENTS
FOR A THREE BLADED VERTICAL AXIS TUR
BINE.

FIGURE 9.

CALCULATED POWER COEFFICIENTS FOR ONE,

FIGURE 10.

TWO, AND THREE BLADED VERTICAL AXIS

THE WEST VIRGINIA UNIVERSITY VERTICAL
AXIS WIND TURBINE TEST MODEL.

TURBINE.
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